Abstract: Hybrid solar cells employing polymer and PbS x Se 1-x nanocrystals have been demonstrated with a record high power conversion efficiency of 5.50% and a large fill factor of 67%, benefiting from the self-assembled vertical phase segregation structure.
In this report, we synthesized monodisperse PbS x Se 1-x alloy NCs using a one-pot, hot injection reaction according to our previous work [8] . High Resolution Transmission Electron Microscopy (TEM) characterization suggests that S and Se anions are uniformly distributed in the alloy NCs. It was reported that devices based on alloyed PbS x Se 1-x have both improved short-circuit current (J sc ) and open circuit voltage (V oc ) than devices using pure PbS and PbSe NCs [8] . In our experiment, we blended this alloy NCs with a low band-gap polymer to fabricate hybrid solar cells to further improve device performance. After optimization, a record high PCE of 5.50% and a large fill factor of 67% were achieved for the hybrid solar cells. To the best of our knowledge, this is the highest efficiency and fill factor among the reported polymer/NCs hybrid solar cells. We found that the energy levels of the NCs and polymer are crucial to the device performance. Moreover, the film morphology of the hybrid solar cells is proven to be critical for achieving the high fill factor and PCE. We noticed that polymer and NCs tend to self-assemble during spin-coating, resulting in a vertical phase separation structure with an upper NCs-rich region and a polymer-rich region beneath. We deposited one more layer of NCs on top of the blend film to further promote electron transport to the cathode and fill the cracks of the film caused by surface-ligand exchange. As a result, a vertical structure of donor-donor/acceptor-acceptor was obtained. This morphology was confirmed by the cross-sectional TEM images and has been proven to facilitate charge separation and transport. 
